Congenital heart disease (CHD) with intra/extracardiac shunts is an important etiology of pulmonary arterial hypertension (PAH). The majority of children with congenital cardiac shunts do not develop advanced pulmonary vasculopathy, as surgical repair of the anomalies is now performed early in life. However, if not repaired early, some defects will inevitably lead to pulmonary vascular disease (truncus arteriosus, transposition of the great arteries associated with a ventricular septal defect (VSD), atrioventricular septal defects (AVSDs) remarkably in Down syndrome, large, nonrestrictive VSDs, patent ductus arteriosus and related anomalies). The majority of patients are now assigned to surgery based on noninvasive evaluation only. PAH becomes a concern (requiring advanced diagnostic procedures) in about 2-10% of them. In adults with CHD, the prevalence of advanced pulmonary vasculopathy (Eisenmenger syndrome) is around 4-12%.\[[@ref1]\]

Diagnostic Approach to Pulmonary Arterial Hypertension-Adult Congenital Heart Disease {#sec1-1}
=====================================================================================

There has been growing interest on the assessment of pulmonary hemodynamics using noninvasive diagnostic methods (Doppler-echocardiography and magnetic resonance imaging in PAH-ACHD patients). A variety of echocardiographic indices derived from right ventricular/pulmonary arterial systolic flow velocity curve have been used for this purpose.\[[@ref2]\] Estimates of pulmonary-to-systemic blood flow ratio and vascular resistance ratio (Q~p~/Q~s~ and pulmonary vascular resistance \[PVR\]/systemic vascular resistance \[SVR\]) can be obtained as well. However, many of these indices are more physiologically related to the right ventricular function than they are to the PVR itself. Furthermore, a consistent association with outcomes has not been demonstrated yet.

Cardiac catheterization is crucial to define the anatomy in complex anomalies, identify multiple blood flow supplies to the lungs (aortopulmonary collateral vessels), and detect low flow states (for example, in failing Fontan circulation). In all these instances, accurate hemodynamic evaluation using noninvasive methodology is unrealistic. In simple defects, catheterization allows for direct assessment of PVR and PVR/SVR ratio, and the acute response to vasodilators.\[[@ref3]\] The general opinion is that the ability to lower PVR significantly is associated with better outcomes. However, controversy remains about vasodilators (90-100% oxygen, 20-80 ppm inhaled nitric oxide, singly/combined), the duration of the test (\~10 min), and the interpretation of the results. The exact magnitude of pulmonary vasodilatation to be used as a predictor of a favorable outcome in candidates to surgical treatment has not been defined.\[[@ref4]\] Moreover, there are several possible sources of error in calculating the pulmonary blood flow and vascular resistance by the Fick method (thermodilution cannot be used to calculate a "cardiac output" in patients with shunts).\[[@ref5][@ref6][@ref7]\]

Many new recommendations have been made since the last published Saudi Guidelines in 2008.\[[@ref8]\] During the fifth world symposium on pulmonary hypertension (World Health Organization) that was held in Nice, France, February-March 2013, the taskforces came up with important recommendations in terms of CHD, two of which can be summarized as follows.

First, pulmonary hypertension (PH) associated with congenital left heart inflow or outflow obstructions will be classified from now on as "Group II" in the general classification of PH, that is, these patients will no longer be considered as PAH patients. The second point refers to the levels of PVR index (PVRi) to be considered as limits for discussion about operability.

The consensus was that a PVRi of \<4 Wood units/m^2^ should be considered as adequate, and PVRi of \>8 Wood units/m^2^ should be assumed as likely indicative of inoperability. Levels between 4 and 8 Wood units/m^2^ would suggest that patients should be discussed carefully, case by case, on an individual basis \[[Table 1](#T1){ref-type="table"}\]. However, this was a general consensus, and there was no specification as to whether these levels should be considered differently in the adult and pediatric populations with CHD.

###### 

Criteria for closing cardiac shunts in PAH patients associated with CHD
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Recommendations {#sec2-1}
---------------

In PAH-ACHD, complete diagnosis is crucial for decision-making (surgery, drug therapy, or both). This includes a report of age, associated syndromes, the presence/absence of congestive heart failure and failure to thrive, systemic oxygen saturation at rest and during exercise (upper and lower extremities), detailed anatomy, and the direction of flow across the defects (class of recommendation I; level of evidence C).Noninvasive measurements/parameters can be of help for repeated evaluations over the course of treatments, but cannot be used alone for decision-making (class of recommendation IIa; level of evidence B).Catheterization and the acute pulmonary vasodilator test are essential not strictly for decision about operability, but for an appropriate establishment of the whole therapeutic strategy, which includes surgery (if so), drug administration or the combination of both (class of recommendation IIa; level of evidence B).Cardiac catheterization should be considered in all patients without clinical evidence of left-to-right shunting causing congestive heart failure (pulmonary congestion) (class of recommendation IIa; level of evidence C).Preoperative testing with vasodilators is reasonable, but parameters/values that correlate with outcomes remain unclear (class of recommendation IIa; level of evidence B).A ≥ 20% decrease in PVRi and PVR/SVR ratio from baseline, during inhalation of 20-40 ppm nitric oxide, with lowest levels of \<4 Wood units/m^2^ and \<0.3 respectively is likely associated with a lower risk of serious postoperative complications (biventricular repair), but should not be considered alone (class of recommendation I; level of evidence B).

Operability and management of postoperative pulmonary hypertension {#sec2-2}
------------------------------------------------------------------

When deciding about operability in patients with PAH-ACHD, one must consider that it is not synonymous of reversibility of pulmonary vasculopathy. Some patients are at risk of marked elevations of pulmonary artery pressure after weaning from cardiopulmonary bypass or subsequently will have persistent PAH late after repair. Those subjected to percutaneous repair are free from pump-related disturbances, but not from residual elevation of pulmonary artery pressure. Thus, considering a given patient as operable means that surgery can be performed with an acceptable risk, and he or she is likely to improve substantially on a long-term basis, even in the presence of residual PH.

There is no single preoperative index that can predict outcomes accurately. Although, there is general agreement that data collected during cardiac catheterization can help, no precise correlation has been found between preoperative hemodynamics and prognosis in PAH-ACHD.\[[@ref4]\] There has been a consensus of opinion that a PVRi of \<4 Wood units/m^2^ during the RHC should be adopted to assign patients to operation.\[[@ref9]\] According to more stringent criteria, patients (especially the pediatric population) with a baseline PVRi of \>6 Wood units/m^2^ should be considered for surgery only in the presence of a ≥20% decrease in PVR and PVR/SVR ratio during nitric oxide inhalation (20-40 ppm), with respective lowest levels of \<6 Wood units/m^2^ (preferably \<4 Wood units/m^2^) and \<0.3.\[[@ref3][@ref10][@ref11]\] However, patients with elevated PVRi (e.g. a PVR of \>8 units/m^2^ or a PVR/SVR ratio of \>0.5) should not be directly assigned to surgery, even in the presence of a positive vasodilator response.

Adults with atrial septal defects are expected to have improvement of the functional status if preoperative pulmonary artery systolic pressure, PVRi, and the pulmonary-to-systemic blood flow ratio are \<70 mm Hg, \<7 Wood units/m^2^, and \>2, respectively.\[[@ref11][@ref12]\]

Operability cannot be defined purely on the basis of catheterization data. An ideal candidate to surgical treatment should be young at presentation, with congestive heart failure and failure to thrive in the clinical history, absence of comorbidities or associated syndromes, predominant left-to-right shunting across the communication, and absence of systemic oxygen desaturation. Besides, with growing interest on the use of the new therapies for PAH in subjects with PAH-ACHD, the response to a mid-term trial will likely provide useful information for decision-making.

Once decision to operate is made, immediate postoperative care becomes critical, as severe hemodynamic disturbances (life-threatening pulmonary hypertensive crises in around 1% of cases) cannot be precisely predicted.\[[@ref13]\] Patients particularly at risk of having crises are those older at repair, with a high degree of pulmonary vasoreactivity, with an extra-cardiac syndrome, and an elevated pulmonary venous or left atrial pressure.\[[@ref14]\] Specific postoperative measures include the use of a pulmonary arterial catheter in selected cases, the use of narcotics and muscle relaxation, avoidance of low cardiac output (epinephrine if necessary), hypoxia and acidosis, and the use of hyperoxic alkalosis (pH ≥7.4 or 7.5), inhaled nitric oxide and sildenafil.\[[@ref14][@ref15][@ref16]\]

Recommendations {#sec2-3}
---------------

Early cardiac surgical repair has been considered as the only way to effectively reduce the risk of postoperative PH in patients with congenital cardiac shunts. Early repair is particularly recommended for subjects with truncus arteriosus, transposition of the great arteries with a VSD, complete AVSD, and large, nonrestrictive VSD (class of recommendation I; level of evidence B).Preoperative cardiac catheterization should be considered for all patients without clinical evidence of left-to-right shunting causing pulmonary congestion (class of recommendation IIa; level of evidence C).A positive response to pulmonary vasodilators suggests that pulmonary vasculopathy is not advanced, although it is not necessarily predictive of a favorable outcome (class of recommendation IIa; level of evidence B).Because the precise values of these parameters that best correlate with early and late outcomes remain unclear, decision to operate must be made on an individual basis, taking into consideration all diagnostic data obtained from noninvasive and invasive evaluation (class of recommendation I; level of evidence C).Direct measurement of pulmonary artery pressure using a pulmonary arterial catheter is recommended if the mean pulmonary pressure is 50-60% of the systemic mean pressure after weaning from cardiopulmonary bypass, or specific vasodilator therapy is used in the operating room. However, there has been no evidence that measurements improve outcomes (class of recommendation I; level of evidence C).Avoiding low cardiac output, hypoxia and acidosis, and the use of narcotics and muscle relaxation are important postoperative adjunctive measures to avoid pulmonary hypertensive crises (class of recommendation I; level of evidence B).In patients with postoperative PAH, inhaled nitric oxide (2-20 ppm) decreases pulmonary artery pressure and vascular resistance, and may prevent pulmonary hypertensive crises and shorten time to reach extubation criteria. Sildenafil prevents rebound PH after weaning from inhaled nitric oxide, and reduces the time of mechanical ventilation and intensive care unit stay (class of recommendation I; level of evidence B).

Possibilities of combining medical and surgical therapeutic strategies {#sec2-4}
----------------------------------------------------------------------

The vast majority of CHD with intracardiac or extracardiac communications are now amenable to correction in the 1^st^ days, weeks or months of life, with low incidence of residual PH. In about 2-10% of cases; however, PH (sometimes severe and life-threatening) constitutes a real problem in the early or late postoperative course. Before the era of the so-called advanced therapies for PAH, the risk of serious postoperative events (including right cardiac failure and death) in patients with elevated PVRi (for example, higher than 10 Wood units/m^2^, PVR/SVR \>0.5) was close to 20% or even higher depending on the report.\[[@ref10][@ref17][@ref18]\] On the other hand, some adolescents and adults with moderate to severe PAH-ACHD (not yet characterized as Eisenmenger syndrome) may develop a hyperkinetic state with increased pulmonary blood flow while on treatment with the "new drugs" for PAH, requiring consideration about surgery. Although the combination of medical (drug) and surgical therapies seems attractive and logical in these instances, there is a long way ahead and many problems to be solved before high-level recommendations can be developed. In young patients, the current suggestion is that a trial with a PAH drug (or drugs) could be the third step in the characterization of operability, after complete noninvasive evaluation (first step, including careful clinical history, physical examination and detailed echocardiographic analysis) and cardiac catheterization (second step, including the acute pulmonary vasodilator test). However, the usefulness of this approach needs to be confirmed.

There has been scarce literature on the possibility of combining drug and surgical therapies in PAH-ACHD, essentially case reports, mostly involving atrial septal defect repair in adults (generally percutaneous repair).\[[@ref19][@ref20]\] On the other hand, regardless of the publication type, results obtained in adults cannot be directly transposed to the pediatric population, and the risk of percutaneous repair is not equivalent to the risk of on-pump cardiac surgery.

The goals to be achieved must be clearly specified. "To render potentially operable patients better surgical candidates" (with either normalization or just improvement of pulmonary hemodynamics) is not the same as "to make inoperable cases become operable". While there has been opinion that patients with a PVRi in the range of 4-8 Wood units/m^2^ may improve and some will eventually normalize, those in the range of 9-12 Wood units/m^2^ are far less likely to normalize.\[[@ref21]\] Currently, there are no data to support the concept that patients with PVRi close to the systemic level (for example, a young patient with PVRi \> 15 units/m^2^ and PVR/SVR \> 0.75) will benefit from surgical treatment on a long-term basis.\[[@ref11]\] Of course, these are just numbers, and should be looked on with caution. Other variables are likely to influence outcomes: Age at surgery, the severity of pulmonary vasculopathy (as determined by lung biopsy in selected cases), the presence or absence of associated syndromes and the complexity of the underlying cardiac anomaly.

Recommendations {#sec2-5}
---------------

Until evidence is available, decision to combine drug and surgical therapies in PAH-ACHD must be individualized and based on complete diagnostic evaluation, including cardiac catheterization. Using full diagnostic data, one should try to differentiate between patients who are likely to have complete hemodynamic normalization after surgery, those who may improve albeit without normalization, and those for whom the risks clearly outweigh the potential benefits (class of recommendation I; level of evidence C).Currently, there is no evidence to support the recommendation of a "treat-and-repair" approach for patients with PAH-ACHD. Decision must be made on a strictly individual basis (class of recommendation I; level of evidence C).Long-term follow-up is needed, since late postoperative PH may occur even in patients who have normalization of pulmonary hemodynamics, for example, 1 year after repair (class of recommendation I; level of evidence B).

Advanced pulmonary arterial hypertension-adult congenital heart disease {#sec2-6}
-----------------------------------------------------------------------

The Eisenmenger syndrome is the most advanced form of PAH-ACHD. Patients have pulmonary artery pressure and PVR close to or above the systemic level, systemic oxygen desaturation (right-to-left shunting), decreased exercise capacity, and a number of conditions and complications associated to erythrocytosis and increased blood viscosity (including pulmonary and systemic thrombosis, cerebrovascular events and bleeding episodes). Other complications are: Hyperuricemia, gout, cholelithiasis, pulmonary and systemic infection (including cerebral abscess) and arrhythmias.\[[@ref8][@ref22][@ref23]\] The contemporary prevalence among adults with CHD is around 4%,\[[@ref22]\] but frequencies of around 12% have been reported.\[[@ref1]\] Survival rates from diagnosis are 50-80% at 10 years, and 40-50% at 20-25 years,\[[@ref24][@ref25]\] but probably severely ill pediatric patients are missing. In terms of diagnosis, the armamentarium must cover all of the associated conditions and potential complications mentioned above.\[[@ref19][@ref20][@ref21][@ref22][@ref23]\]

The general therapeutic measures \[[Table 2](#T2){ref-type="table"}\] remain central.\[[@ref18][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] With growing interest on the use of the so-called specific target therapies for PAH, prostanoids, endothelin receptor antagonists and phosphodiesterase inhibitors have been attempted.\[[@ref20]\] In the only multicenter, randomized, placebo-controlled study available in the literature, a beneficial effect of bosentan was demonstrated on the physical capacity and hemodynamics, without deterioration in oxygen saturation.\[[@ref26]\] Advanced therapies for PAH (including the three classes of drugs mentioned above) have proved beneficial in improving survival in the Eisenmenger syndrome.\[[@ref27]\] Lung transplantation with repair of the underlying cardiac defect or heart and lung transplantation may improve symptoms and the quality of life in highly symptomatic patients with a short life expectancy.\[[@ref20]\]
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Major steps in the management of the eisenmenger syndrome

![](ATM-9-21-g002)

**Source of Support:** Nil

**Conflict of Interest:** None declared.
